T HE EFFECTIVENESS AND SAFETY
of perioperative ␤-blockade for patients undergoing noncardiac surgery remains controversial. 1 Class I recommendations in the current American Heart Association/ American College of Cardiology Foundation (AHA/ACCF) Guidelines on Perioperative Evaluation and Care for Noncardiac Surgery remain limited to continuation of preexisting ␤-blockade. 2 Given medical and ethical concerns regarding withdrawal of patients from preexisting ␤-blockade and the expense of conducting randomized clinical trials powered to determine effects on perioperative outcomes, observational analyses have been used to aid in clinical decision making regarding perioperative ␤-blockade. However, observational analyses have been largely limited by single-center data or by an inability to capture data from the actual perioperative period. Lindenauer et al, 3 using a managed care administrative database, reported a large multicenter analysis of in-hospital perioperative ␤-blockade, relating exposure to ␤-blockers during the first 2 days of hospitalization to inhospital mortality. Using propensity matching and subclassification on the revised Cardiac Risk Index (CRI) predictors, an association of perioperative ␤-blockade with a lower rate of mortality was demonstrated in patients with 2 or more predictors. 4 In those with none or only 1 predictor, treatment was asso-ciated with no difference or a higher rate of mortality. However, this analysis was limited by inability to account for outpatient medication use, the type of ␤-blocker, and uncertainty regarding the date of surgery and has not been corroborated in another large clinical data set.
Recent evidence suggests that use of perioperative ␤-blockade may be declining. 5 Contributing factors may include uncertainty about safety and recent data questioning the efficacy of long-term ␤ blockade in stable outpatients. 6, 7 Thus, additional multicenter analyses of associations of perioperative ␤-blockade with outcome are timely and potentially relevant to clinicians and regulatory agencies promoting perioperative quality and safety efforts.
Using system-wide databases in the Veterans Health Administration (VHA), we conducted a propensity-matched analysis using a robust set of clinical predictor, process, medication, and outcome variables to model the association of perioperative ␤-blockade with all-cause 30-day mortality and cardiac morbidity in a contemporary cohort of patients undergoing major noncardiac surgery.
METHODS
This study was approved by the VHA's Office of Patient Care Services and all responsible institutional review boards with waiver of informed consent. Race/ ethnicity was coded to be white, black, or other using patient self-reported data obtained from the VA Surgical Quality Improvement Program (VASQIP). Perioperative risk, process and outcome data from patients undergoing noncardiac surgical procedures in 7 surgical subspecialties (vascular, general, neurosurgery, orthopedics, thoracic, urology, and otolaryngology) between October 1, 2005 , and September 30, 2010, were obtained from the VASQIP database. Data collection methods, variable definitions, and interobserver agreement with abstracted chart data for the VASQIP program have been reported. 8, 9 Data were linked with outpatient and inpatient pharmacy records for ␤-blockers and other commonly prescribed cardiovascular medications captured by the VHA Pharmacy Benefits ManagementStrategic Healthcare Group (PBM-SHG). Since 1998 the PBM-SHG has maintained a system-wide electronic database of all outpatient prescriptions filled at VHA pharmacies. 10 In 2001, an inpatient database was instituted. 11 We collected prescription data in 24 VA National Formulary Drug Classes from both of these databases (eTable 1 available at http://www.jama.com).
We supplemented our data set with International Classification of Diseases, Ninth Revision, Clinical Modification discharge and treatment codes extracted from the VHA Outpatient Care and Patient Treatment Files for inpatient medical admissions administrative databases, within 1 year of each assessed surgical procedure 12 (eTable 2). These data provided additional risk variables that we considered covariates in treatment allocation for ␤-blocker therapy.
Using these databases, we classified the 6 revised Cardiac Risk Index component variables: high-risk surgery, cerebrovascular disease, ischemic heart disease, congestive heart failure, diabetes mellitus, and renal insufficiency 3, 4 (eTable 3). Our primary outcome was all-cause mortality and the secondary outcome a composite of Q-wave myocardial infarction (MI) or nonfatal cardiac arrest assessed at 30 days after surgery. We also categorized the incidence of new cerebrovascular accident, given its association with ␤-blocker administration in the Perioperative Ischemic Evaluation (POISE) study. 6 We excluded patients not admitted on the day of, or hospitalized for the day after surgery (defined as postoperative day 0 and 1) and those dying on either of those days (landmark analysis). The data set was truncated at either end to allow comparable periods of preoperative pharmacy and postoperative outcome analysis. We randomly selected 1 surgical procedure per patient. The resulting cohort was then linked with the PBM-SHG and administrative databases using scrambled Social Security numbers. We imputed missing values for preoperative laboratory values and body mass index using multiple imputation. 13, 14 Imputed values were constrained within plausible ranges. The frequency of missing values for physiologic data ranged from 2.3% to 32.4% (average, 16.9%), whereas for the process variables, it was negligible (1-4 patients). Serum creatinine concentration (missing in 3% of patients) was not imputed (eTable 3). We eliminated 193 patients (0.14%) from the propensity matching process with missing categorical variables used in the regression model (described below).
␤-Blocker exposure from the inpatient pharmacy database was defined as any prescription ordered on either postoperative day 0 or 1. Intraoperative or nonelectronically ordered medications are not captured by PBM-SHG and therefore were not considered. Dose and duration of therapy are not currently approved for research use from the inpatient database.
We extracted prescriptions from the outpatient pharmacy database within 90 days of hospital admission, coding indicator variables for availability of medication at several periods (90, 60, 30, and 7 days preoperatively). The proportion of days covered by ␤-blocker prescription (in the 90-day preoperative window), was used in supplementary analyses. 15 We made no attempt to categorize users a priori as acute or longterm given the lack of data on the indications for the prescription. ␤-Blockers were coded into the following categories: atenolol, carvedilol, metoprolol tartrate, metoprolol succinate, and others. Combination antihypertensives were coded by the ␤-blocker component. Similar methods were used for drugs ordered after the 2-day exposure period until the time of hospital discharge for descriptive analyses.
Statistical Analysis
To control for treatment-selection bias, we performed a propensity-score matched analysis. 16 To avoid immor-tal time bias, we performed a landmark analysis, eliminating patients who died or sustained 1 of the composite morbidity outcomes during the exposure period. 17 A propensity score was estimated using a nonparsimonious logistic regression model (omitting any preoperative ␤-blocker use variables; eTable 4 available at http://www.jama .com). To adjust for possible regional differences in ␤-blocker usage, we included a dummy variable for each of the VHA's 21 geographical regions in which the surgery was performed. ␤-Blocker exposure was regressed on risk or process variables that we considered related to ␤-blocker exposure or outcome with a prevalence in the data set of at least 1% (eTable 4).
Propensity-score matching (1:1) was conducted using previously described methods. 18 Pairs of ␤-blocker exposed and nonexposed patients were matched using a greedy matching algorithm with a caliper width of 0.2 standard deviation of the log odds of the estimated propensity score. 19 To accommodate subanalyses of the type of surgery (vascular vs nonvascular) and estimated cardiac risk (cumulative number of Revised Cardiac Risk Index predictors), patients were also matched on these factors. Covariate balance between matched pairs for continuous and dichotomous categorical variables was assessed using the standardized difference, with values of less than 10% indicating minimal imbalance. 20 The use of interaction terms between covariates to minimize the standardized difference was explored iteratively. The McNemar test was used to compare the frequency of the primary and secondary outcomes between the matched groups. 21 Relative risks (RRs) were computed using methods appropriate for paired data and are presented with their 95% CIs. 21 Numbers needed to treat (NNT) were calculated as the inverse of the absolute risk reduction estimated in the propensity-score matched sample.
To evaluate associations of longterm and acute ␤-blocker use with outcome, we performed sensitivity analyses: first, an indicator variable for outpatient ␤-blocker use within a week of surgery was included in the propensity-score regression; second, the percent of time covered within the 90-day preadmission period and the type of ␤-blocker were included with appropriate interaction terms. Using our matched data set, we also compared primary and secondary outcome frequencies between patients with new prescriptions within 7 days or 30 days prior to surgery relative to those with existing prescriptions in the 60 or 90-day time periods.
To evaluate associations of the components of the revised Cardiac Risk Index with outcome, we regressed the 6 components, along with the propensity score and ␤-blocker exposure, on postoperative mortality using the full cohort. Model discrimination and calibration were assessed using the C index and the Hosmer-Lemeshow goodness-offit statistic, respectively. We then examined mortality rates between exposed and nonexposed patients using paired t tests for each of the possible 64 combinations of Revised Cardiac Risk Index strata in the matched cohort.
To evaluate associations of potential ␤-blocker withdrawal, including differences between the 2 most commonly prescribed ␤-blockers (metoprolol tartrate or metoprolol succinate vs atenolol), we categorized potential patterns of drug use in patients receiving either of these drugs, considering continuation or withdrawal from outpatient therapy during the 2-day exposure period. The association of these patterns with our primary outcome, stratified by vascular vs nonvascular surgery, was evaluated using logistic regression. We also assessed associations between either drug class and the Revised Cardiac Risk Index predictors.
Continuous and categorical variables were compared using parametric or nonparametric methods as appropriate. The Mantel-Haenszel 2 test was used to test for trends. All P values were 2-tailed and a value of .05 was considered significant. SAS software, version 9.2 (SAS Institute Inc) was used for the analysis.
RESULTS
The initial VASQIP cohort consisted of 334 130 patients. We excluded 197 385 patients following adjustment for surgery on the day of hospital admission (n = 106 097), length of stay criteria (n=53 046; including 285 patients dying during the exposure period), exclusion of multiple surgeries (n=16 904), truncation of the data set by the initial 90 and last 30 days (n = 10 119) and combinations of the aforementioned (n=11 219). Thus, the final cohort consisted of 136 745 patients at 104 VHA hospitals. Selected demographic and clinical characteristics of the study cohort, before and after propensity-score matching, are presented in TABLE 1; all variables used in the modeling process are presented in eTable 5.
Analyses of ␤-Blocker Exposure
Overall, 45 347 patients (33.2%) had an active outpatient prescription for ␤-blockers within 7 days of surgery and 55 138 patients (40.3%) were potentially exposed to ␤-blockers on either postoperative day 0 or 1. Compared with nonexposed patients, exposed patients were older and had a higher burden of cardiovascular and related comorbidities; 75.4% had significantly greater use of ␤-blockers during the 90-day preoperative period (95% CI, 75.0%-75.8%) vs 13.6% of those who were not exposed (95% CI, 13.4%-13.8; PϽ.001; Table 1 and eTable  5) . Of patients exposed on postoperative day 0 or 1, 66.1% had an active prescription covering the week before surgery, whereas only 2.4% of patients had a new prescription issued in that period ( Metoprolol tartrate was the most commonly prescribed preoperative outpatient ␤-blocker (37.0% of exposed patients) followed by atenolol (26.9% of exposed patients). Metoprolol tartrate was the most commonly ordered inpatient ␤-blocker (62.5% of oral prescriptions, 67.2% of intravenous prescriptions) during the exposure period, followed by atenolol (24.4% of oral prescriptions, 0.2% of intravenous prescriptions; Table 2 ). 
Primary and Secondary Outcomes
Overall, 1568 patients (1.1%) sustained the primary 30-day mortality outcome and 1196 patients (0.9%) the secondary cardiac morbidity outcome. Unadjusted primary outcomes occurred in 1.4 % (95% CI, 1.3%-1.5%) of exposed patients vs 1.0% (95% CI, 0.9%-1.1%) of unexposed patients. Primary and secondary outcomes occurred more frequently in patients exposed to ␤-blockers (mortality in those exposed, Following 1:1 propensity matching, we obtained 37 805 matched pairs for the primary mortality model, a match rate of 68.5% for exposed patients. Following exclusion of an additional 317 patients from the original cohort who had sustained a secondary outcome during the exposure period and rematching, we obtained 37 662 matched pairs for the secondary cardiac morbidity analysis. The distribution of covariates, ␤-blocker usage parameters and outcomes between matched pairs in the primary outcome analysis are presented in Table 1 and eTable 5. The groups were well balanced with standardized differences of less than 10% for all continuous and dichotomous categorical variables (eTable 6 available at www.jama.com).
In the matched cohort, a lower rate of mortality was observed in the exposed group ( Figure 1B and  eTable 7 ). The distribution of study covariates between the matched patients in the risk strata with significant associations (eg, 2 or more Revised Cardiac Risk Index factors) revealed similar balance as in the overall cohort, albeit at a higher preoperative risk profile than in those patients with fewer than 2 risk factors (eTable 8).
Considering the secondary cardiac morbidity outcome, ␤-blocker exposure was associated with a significantly lower rate of cardiac complications (RR, 0.67 [95% CI, 0.57-0.79]; P Ͻ .001; NNT, 339 [95% CI, 240-582]; FIGURE 2A and eTable 9). Stratified by Revised Cardiac Risk Index factors, significant associations of ␤-blocker exposure to rates of cardiac complications were noted in patients with 2 or 3 Revised Cardiac Risk Index factors only (Figure 2A and  eTable 9 ). In the vascular surgery subgroup, no significant associations were present ( Figure 2B and eTable 9) . .0%]; P Ͻ.001) base on the primary definition. However, it resulted in a similar match rate in the propensity model (37 856 matched pairs) with no differences within any of the strata from the model using the primary definition (eTables 10 and 11).
Sensitivity and Exploratory Medication Analyses
Sensitivity analyses incorporating prehospital admission ␤-blocker use in the propensity model did not alter the results for mortality (eTables [12] [13] [14] . Post hoc comparisons of the primary and secondary outcomes between patients classified as either acute or chronic users again revealed results consistent with the primary analysis (eTable 15).
Based on absence of reordering of an outpatient preoperative prescription during the exposure period, we detected 8911 patients (6.5%) of the 136 745 patients who had potentially withdrawn from ␤-blockers. These patients were noted to be at higher risk of mortality than the 36 436 patients who continued treatment (OR, 1.60 [95% CI, 1.34-1.91]; P Ͻ .001) and higher than the 72 696 patients with no prior preoperative use or exposure (OR, 2.30 [95% CI, 1.93-2.70]; P Ͻ .001). However, when compared with 18 702 patients who were exposed to treatment with no prior use, no significant difference was noted (OR, 1.15 [95% CI 0.95-1.38]; P=.15).
Comparisons of mortality among patients receiving metoprolol (tartrate or succinate) vs atenolol prior to surgery and the effects of their withdrawal are presented in eTable 16. Mortality was significantly lower in the atenolol group (treated or withdrawn) than in the metoprolol group. However, similar ORs for mortality were noted for either drug in patients who stopped taking ␤-blockers. Patients in whom inpatient metoprolol was substituted for atenolol during the exposure period had a stronger association with mortality relative to the opposite pattern. How- The distribution of the components of the Revised Cardiac Risk Index for the full and matched cohorts, are presented in Table 1 . Their combinations and the corresponding associated mortality rates are presented in eTable 17 (available at http://www.jama.com). Pairwise comparisons of mortality rates in each of the possible 64 combinations of the cumulative Revised Cardiac Risk Index predictors revealed only 7 significant combinations. Given the multiple comparisons involved, none of these would be considered significant (using a threshold of PϽ.001). Logistic regression models for mortality incorporating the Revised Cardiac Risk Index factors, adjusted for propensity score and ␤-blocker exposure, using either the entire or matched cohort, revealed similar ORs for each Revised Cardiac Risk Index component (eTable 18). Stratification of metoprolol or atenolol patients by the cerebrovascular, congestive heart failure, and ischemic heart disease components revealed significantly stronger associations of metoprolol over atenolol with each of these components (eTable 19).
Relations With Postoperative Stroke
In unadjusted analyses, postoperative stroke occurred in 415 patients (0.3%; Table 3 ). Incidence of stroke was significantly higher in patients who were exposed to ␤-blockers (0. 
DISCUSSION
We report associations of early perioperative ␤-blocker exposure with 30-day all-cause mortality and cardiac morbidity in patients undergoing noncardiac surgery in the VHA health care system. Our analyses suggest that such exposure is significantly associated with a lower rate of all-cause mortality, with the strongest association in those undergoing nonvascular surgery and in those with 2 or more Revised Cardiac Risk Index factors. We also noted a significant association with a lower rate of cardiac arrest and Q-wave MI. Although the latter complications occurred infrequently, they are highly predictive of subsequent mortality. 22, 23 The incidence of Qwave MI in the current analysis is lower than the risk of MI reported in other studies in which elevation of cardiac biomarkers or less specific electrocardiographic patterns were used to define perioperative MI. 24, 25 We were unable to detect significant associations between ␤-blocker exposure and outcome in patients undergoing vascular surgery. Although considered at greatest risk of cardiovascular complications, prior analyses in this population have reported variable associations. 1, 26, 27 However, a smaller sample size relative to the nonvascular cohort and the possibility that these patients received medication not captured by PBM-SHG (eg, those administered intraoperatively or ordered nonelectronically) or received a higher level of care (eg, ICU utilization), a factor not captured by VASQIP, must be considered.
The rate of ␤-blocker exposure over the period of this analysis significantly declined from 43.5% to 36.2%. This may be related to the findings of the POISE trial of increased stroke and death in treated patients, leading to more conservative guideline recommendations within this period. 2, 6 Similar findings have been recently reported by Canadian investigators during this timeframe. 5 We were unable to demonstrate significant differences between our post hoc definitions of long-term use or acute institution of ␤-blockade. Limited evidence suggests that long-term use of ␤-blockade is associated with lower rates of adverse outcome than institution within 1 week of or immediately after surgery. 28, 29 Our data suggest that institution of ␤-blockade within 30 days is associated with similar outcome rates as longer periods. However, our analysis of associations within 7 days of surgery is limited by the very low incidence observed (2.4%).
We noted associations of increased rates of mortality with ␤-blocker withdrawal in the exposure period. This association, corresponding to approximately 2-fold increased risk, is similar to that reported by other investigators. [30] [31] [32] Controversy exists over the efficacy and safety of specific ␤-blockers used for perioperative ␤-blockade. Agents with greater ␤-1 specificity (eg, atenolol or bisoprolol) have been associated with improved outcome relative to more widely used formulations of metoprolol. 33 Our exploratory analyses suggest stronger associations with mortality among patients treated with metoprolol than with atenolol. However, we also found that patients taking metoprolol were significantly more likely to have ischemic heart disease or congestive heart failure, consistent with existing AHA/ACCF guideline indications for therapy. 34, 35 Similartootherinvestigators,wenoted significant interaction of perioperative ␤-blockade and the number of Revised CardiacRiskIndexpredictorsonoutcome rates, with the difference in event rates between patients who were exposed and those were not exposed, being most prominent among patients with the largest number of Revised Cardiac Risk Index predictors.
3,32 However, we were not able to demonstrate significant interaction of perioperative ␤-blockade with any specific combination of these variables. We used all 6 revised Cardiac Risk Index predictors, including history of congestive heart failure, a major risk factor for perioperative mortality. 36 Although decompensated heart failure remains an absolute contraindication to perioperative ␤-blockade, long-term use for compensated heart failure has a class I indication for therapy and therefore continuation in the perioperative period. 2, 34 We were unable to demonstrate significant associations of perioperative ␤-blockade with the risk of postoperative stroke. This contrasts with an increased risk observed in the POISE trial. 6 Our overall incidence (0.3%) was lower than that of the highly selected patients enrolled in that trial (0.7%). Although the overall stroke rates in our vascular cohort are similar to the treated patients in POISE (1% in both), no differences between our exposed and unexposed patients were noted. Analysis of existing randomized trials suggests that either timing of initiation and or dose of ␤-blocker are important covariates. 37 Our data capture did not allow us to address dose parameters. Our finding of a higher incidence of stroke in patients treated with metoprolol may be related to the fact that metoprolol users had a significantly higher incidence of preexisting cerebrovascular disease relative to atenolol users, potentially predisposing them to perioperative injury. 38 In conclusion, our results suggest that early perioperative ␤-blocker exposure is associated with significantly lower rates of 30-day mortality and cardiac morbidity in patients at elevated baseline cardiac risk undergoing nonvascular surgery. Although assessment of cumulative number of Revised Cardiac Risk Index predictors might be helpful to clinicians in deciding whether to use perioperative ␤-blockade, the current findings highlight a need for a randomized multicenter trial of perioperative ␤-blockade in low-to intermediate-risk patients scheduled for noncardiac surgery.
